We evaluated the potential of Mesocyclops annulatus as a control agent of Aedes aegypti in La Plata city (Argentina) 
Aedes (Stg.) aegypti (L.) is the main dengue vector in
America, and there has been a marked increase in the number of human infections associated with its spreading geographical distribution. Haemorrhagic and "classic" dengue epidemics were registered in several countries of Central and South America during the last three decades (OPS 1995) . In Argentina A. aegypti reappeared in 1986 (OPS 1990) . Nowadays its distribution has spread throughout 15 provinces (Curto et al. 2002) , and "classic" dengue cases have been detected since 1997 (Aviles et al. 1999) .
The integrated control of A. aegypti emphasizing the biological control of larvae by predators and parasites is a desirable alternative strategy to the traditional use of insecticides, due to the development of resistance and the negative impact on the environment (Molyneux 1993) . Cyclopoid copepods are important predators of early-instar A. aegypti larvae (Marten 1990 , Marten et al. 1994 . Inoculative copepod releases in natural and artificial small water containers at urbanized areas significantly reduced the population abundance of A. aegypti (Gorrochotegui et al. 1998 , Schaper 1999 .
In Argentina, the copepod Mesocyclops annulatus (Wierzejski) has been found inhabiting natural temporary pools, and as other copepod species (Zhen et al. 1994) , it is capable of persisting, at least as adults, during unfavorable periods when these pools remain dried up (García & Micieli 1999 due to the benthic habit of A. aegypti larvae, this species was preferentially predated .
We evaluated the potential of M. annulatus as a control agent of A. aegypti considering the reduction of mosquito larval survivorship due only to predation by M. annulatus, and the persistence of the copepod during mid spring-late summer seasons, period when oviposition by A. aegypti takes place in the area.
MATERIALS AND METHODS
The containers used in the experiments represent one of the breeding sites of A. aegypti in the area (García et al. 2002) .
We conducted the trials in an experimental garden of Cepave in La Plata city (34º51´07"S-58º57´30"W), Buenos Aires province, Argentina.
In mid September, the upper edges of 12 cylindrical plastic containers (12 cm height, 11 cm diameter, 700 ml) were covered with strips of rough paper (5 cm wide) as substratum for A. aegypti oviposition. Each container was filled with water (500 ml) up to the edge of paper. The containers had holes to allow washing up during heavy rains to keep the volume approximately at 500 ml. The containers were left in the open and no food was added. In order to avoid desiccation, the water level was controlled at weekly intervals.
Twenty M. annulatus adult gravid females from a Cepave culture were added a month later to each one of six containers selected at random, whereas the other six containers were considered as control. The experiment lasted 155 days, from mid spring up to the end of the summer period (25 October -29 March 2001), during which oviposition by A. aegypti takes place in this region of the country .
We do not know the dispersal capabilities of M. annulatus. We though that due to the relative isolation of the experimental garden, possible recolonizations of the containers by M. annulatus would be negligible allowing for persistence evaluation (the evaluation was only con-sidered if no copepod were found in the control containers).
The number of eggs (on the strip of paper), larvae, and pupae of A. aegypti and the number of juvenile and adult copepods in each container were registered weekly in the laboratory. For that purpose, the water in each container was emptied into a plastic tray. After recording the data, the water and all the individuals were put back in the container and the strip of paper was replaced by a new one. Dechlorinated water was added if necessary. To allow A. aegypti eggs to hatch, the strip of paper with the eggs was flooded and retrieved after 2-4 days. Identification of larval instars of A. aegypti was done according to Lane (1953) and Darsie and Mitchell (1985) .
We expressed density in terms of the number of individuals per container.
Weekly larval survivorship between census t-1 and t in container j, SC(t, j), was estimated for the containers with copepods, SC(t, j) = LO(t, j )/ Σ i=1,..,n H(t-i, j); where LO(t, j) represents the number of larvae and pupae observed and H(t-i, j) represents the number of eggs of A. aegypti registered in census t-i (i = 1,...,n) which, depending on their rate of development and the mean daily temperature, would be found as larvae or pupae in the t-th census (assuming 100% survivorship). Since the daily oviposition distribution was unknown, we divided the total number of eggs in the census t by the number of days in the interval, producing a uniform distribution. The degree of development attained at successive days within a given developmental stage was estimated as Σ k=1,..,m A (T(k)-TU), where A represents the daily rate of development at a given temperature, T(k) represents the mean daily temperature, TU the threshold temperature, and summatory extends up to the day k when Σ k=1,..,m A (T(k)-TU) = 1. For the egg stage A = 0.0237 and TU = 14.26°C (Christopher 1960 , Tun-Lin et al. 2000 , and for the larval stage A = 0.0055 and TU = 10°C (Rueda et al. 1990 ). In case of total copepod disappearance in a given container, this was eliminated. Also, the mean preimaginal survivorship of A. aegypti in all containers was estimated as SCM(t) = Σ t=1, N SC(t, j ) / J (where J = 6, represents the total number of containers with copepods).
Similar calculations were made for the control containers, ST(t, j), and STM(t).
If water level declined between two successive censuses, a proportion of the wall container not covered by the paper could have been used by A. aegypti as an oviposition site. However, if heavy rains occurred during the interval, the water level would increase allowing the eggs to hatch. In this case the eggs would not be registered in our samplings, and the number of larvae censed at the end of the interval could have been greater than the number of eggs censed at the beginning. In this case, if SC(t, j) [or ST(t, j) ] > 1, it was considered that SC(t, j) [or ST(t, j)] = 1.
Mean preimaginal survivorship, SCM(t) and STM(t), were compared under the null hypothesis of lack of differences between both series, while the alternative hypothesis postulated that SCM(t) < STM(t). The significance was tested by the non parametric U (Mann-Whitney) test (Sokal & Rohlf 1979 ).
The reduction of mosquito larval survivorship due only to predation by M. annulatus was estimated as SC (t, j)/STM(t).
Possible effects of adult copepod density were analyzed by plotting A. aegypti larval survivorship in sample t, on adult copepod density at the beginning of the interval (i.e. in the previous sample), C(t-1). Since both variables were estimated with error, a correlation analysis was made under the hypothesis of a negative correlation between the variables. Both SC(t, j) as well as SC(t, j)/STM(t) were used as larval survivorship estimations.
Copepod persistence was estimated as the ratio between the number of containers in which at least one juvenile or adult M. annulatus was registered at the end of the experiment, and the initial number of containers with copepods. Also, the mean time of persistence of copepods was estimated as: TM = [Σ t=1, N-1 (Σ j=1, J R(j) K(t))] /J; where R(j) takes the values 1 or 0 when in the container j at least one copepod was registered or not, respectively; K(t) represents the number of days between two successive censuses, t and t+1, and N represents the total number of censuses.
RESULTS
Mean daily temperature fluctuated between 17 and 28°C during the experiment, and the mean temperature was 22.9°C.
The first A. aegypti oviposition was detected by mid November and the last one by the end of the experiment (March 29). In this way, the time between the first and the last oviposition was 136 days, however mostly of them occurred in a period of 60 days, approximately, from mid January to March. The mean total number of eggs registered in the containers with copepods and in the control were, respectively, 376 eggs/container and 186.5 eggs/ container (t (10 gl) = 2.5 (0.02 < P < 0.05). The larvae were detected from mid January up to the end of the experiment (Fig. 1a,b) . The higher larval density occurred from February 9 up to the end of the experiment (Tables I, II) .
No copepod was registered in the control containers during the experiment.
In four control containers and during 10 intervals it was found that ST(t, j) > 1, and STM(t) > 1 in four intervals. On the other hand, in the containers with copepods SC(t, j) < 1 in all containers and during all intervals, and consequently SCM(t) < 1 during all intervals. Mean preimaginal survivorship in the containers with copepods, SCM(t), was significantly lower than STM(t): U = 4 (n1 = n2 = 8), P = 0.001 (Fig. 2) . Fig. 3 shows the estimated reduction of mosquito larval survivorship due only to predation by M. annulatus, SC(t, j)/STM(t), and the corresponding estimated copepod density at the beginning of the interval, C(t-1, j). The correlation coefficient was negative and significantly different from 0 (r = -0.67 (n = 44); t (42 gl) = -5.85; P < 0.001).
The observed relationship suggests that mosquito larval survivorship would be zero when copepod density reaches at least 23 adults/container. In container 2 (which exhibited the lowest copepod density) the cumulated number of mosquito eggs was 283 and that of larvae and pupae was 265. In container 4 (which exhibited the highest copepod density) the corresponding values were 264 and 12.
The copepods persisted in all containers during 121 days (until March 15), exhibiting 100% spatial coincidence and 88.9% synchrony at the interval during which A. aegypti ovipositions were registered. After that, the copepods persisted in five containers (83% spatial coincidence), and by the end of the experiment there were copepods in only three containers (50% spatial coincidence).
The mean time of copepods persistence was TM = 158.7 days, and given that mosquito larvae were registered from January 18, the copepods persisted in all containers without the resource represented by A. aegypti larvae during 100 days (from October 13).
The mean copepod adult density fluctuated between 26.5 individuals/container (120 days after the beginning of the experiment when ovipositions by A. aegypti were registered for the first time) and 10.5 individuals/container by the end of the experiment. In container 2, adult cope- 
TABLE I
Mean number of eggs (E), larvae and pupae (L), of Aedes aegypti per container (C) in the controls during the period of higher mosquito larval density, from which ST(t, j) and STM(t) Concerning biological control of mosquito larvae by Mesocyclops copepod species, it was mentioned that low temperatures and prolonged desiccation were limiting factors for copepod's effectiveness. A field study carried out in Panama by Schreiber et al. (1996) with M. longisetus Thiebaud, related the deficient control obtained to the low winter temperatures (below 10°C), which severely reduced adult copepod abundance. Mechanisms of copepod resistance to desiccation have been reported for the copepodite and adult stages (Zhen et al. 1994) . In Mexico, however, Gorrochotegui et al. (1998) found that the dry season considerably reduced M. longisetus survivorship, limiting its use in release programs for biological control of mosquito larvae developing in discarded tires and cemetery flower pots.
In the present study, the mean temperature during the spring-summer period fluctuated between 17 and 28°C and TABLE II Mean number of eggs (E), larvae and pupae (L), of Aedes aegypti and mean number of Mesocyclops annulatus adults (Cop) per container (C) during the period of higher mosquito larval density, from which ST(t, j) and STM(t) Feb  63  3  17  14  3  2  54  0  3  20  0  41 141  6  8  0  0  3  07-Feb  221 21  71  33  2  5  0  10  7  0  28  8  6  8  8  0  0  7  16-Feb  0  0  23  40  70  2  3  0  16  2  0  36  31  11  8  43  0  12  23-Feb  56  0  10  28  34  3 106  0  11  99  0  28  0  5  6  0  4  14  28-Feb  86  8  14  53  45  3  74  0  20  39  1  33  24  2  3  16  0  10  07-Mar  0  27  16  77  80  1  0  11  21  45  0  32  10  27  1  0  1 (t) , and the corresponding estimated copepod density at the beginning of the interval, C(t-1, j). pod density began to decrease from the beginning of the experiment and during 51 days, up to a very low density (1 to 5 adults/container) which was maintained for 115 days. On the other hand, density in container 4 fluctuated between 16 and 50 adults/container during 142 days (approximately two weeks after the beginning of the experiment). Juvenile copepods were registered for the first time two weeks after the beginning of the experiment, when they represented 60% of all individuals (Fig. 4) .
DISCUSSION
Copepods have been reported to be effective in controlling early-instar mosquito larvae. Biological control by copepod releases has been employed several times with varying results; notwithstanding the best results were obtained when the community participated (Marten et al. 1994 , Gorrochoitegui et al. 1998 .
would not be a limiting factor for M. annulatus.
Regarding habitat desiccation, the water level of the containers was weekly controlled and water was added only if necessary. Observations in natural habitats made by Garcia and Micieli (1999) suggest that adult M. annulatus females would be able to persist during the desiccation period of temporary "ponds" if certain degree of humidity is maintained. In the study area, the mean monthly rainfall (107.6 mm) would prevent the complete desiccation of small containers like flower pods and abandoned tires, where A. aegypti lay eggs, at least during a great part of this mosquito period. Micieli et al. (2002) found that M. annulatus fed on different species of algae and protozoan and small A. aegypti larvae. In this study we did not supply any kind of food to the containers, however the copepods were able to survive and reproduce during approximately 100 days without the resource represented by the mosquito larvae. The persistence of M. annulatus allowed a maximum spatial coincidence (6 containers) between M. annulatus and A. aegypti larvae in 89.9% of the interval (136 days) during the highest mosquito activity. At the end of the experiments the spatial coincidence was 50% (3 containers).
In the trials, the number of eggs in the control containers was smaller that in the containers with copepods. We did not make precise observations or experiments tended to elucidated the possible causes. However, TorresEstrada et al. (2001) studied the influence of the copepod M. longisetus on the selection of oviposition sites by A. aegypti. They found that gravid females were attracted to lay eggs by substances found in oviposition sites that contained or previously held copepods. Similarly, Ikeshoji et al. (1997) found that some bacterial products have been identified as attractants for gravid A. aegypti females.
Larval A. aegypti survivorship in the containers with copepods was significantly lower that in the control containers. Furthermore, A. aegypti mortality larval was higher in those containers with higher copepod density, and it was suggested that larval survivorship would be 0 when M. annulatus reach 23 adults/container. Similar results were obtained by Micieli et al. (2002) in laboratory bioassays. Moreover, they suggest that the copepod remains at the bottom of the containers most of the time. The feeding behavior of these mosquito and copepod species may help increase the encounter opportunities with A. aegypti larvae by M. annulatus .
The effectiveness of M. annulatus as a biological agent of mosquito control in Argentina resides in its ability to survive in a container during the oviposition period of A. aegypti, and it can therefore be considered as a promising biocontrol agent. The next step is to evaluate M. annulatus in smallscale field trials against A. aegypti in environments such as cemeteries and public parks where the use of this method of mosquito control could be successful.
